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Objective
This study reviews the indications, technical aspects, and ex-
perience with ex vivo and in situ split liver transplantation.

Background
The shortage of cadaveric donor livers is the most significant
factor inhibiting further application of liver transplantation for
patients with end-stage liver disease. Pediatric recipients, al-
though they represent only 15% to 20% of the liver transplant
registrants, suffer the greatest from the scarcity of size-
matched cadaverc organs. Split liver transplantation provides
an ideal means to expand the donor pool for both children
and adults.

Methods
This review describes the evolution of split liver transplantation
from reduced liver transplantation and living-related liver
transplantation. The two types of split liver transplantation, ex
vivo and in situ, are compared and contrasted, including the
technique, selection of patients for each procedure, and the
most current results.

Results
Ex vivo splitting of the liver is performed on the bench after
removal from the cadaver. It is usually divided into two grafts:
segments 2 and 3 for children, and segments 4 to 8 for
adults. Since 1990, 349 ex vivo grafts have been reported.

Until recently, graft and patient survival rates have been lower
and postoperative complication rates higher in ex vivo split
grafts than in whole organ cadaveric transplantation. Further,
the use of ex vivo split grafts has been relegated to the elec-
tive adult patient because of the high incidence of graft dys-
function (right graft) when placed in an emergent patient. Rea-
sons for the poor function of ex vivo splits except in elective
patients have focused on graft damage due to prolonged cold
ischemia times and rewarming during the long benching pro-
cedure. In situ liver splitting is accomplished in a manner iden-
tical to the living donor procurement. This technique for liver
splitting results in the same graft types as in the ex vivo tech-
nique. However, graft and patient survival rates reported for in
situ split livers have exceeded 85% and 90%, respectively,
with a lower incidence of postoperative complications, includ-
ing biliary and reoperation for bleeding. These improved re-
sults have also been observed in the urgent patient.

Conclusion
Splitting of the cadaveric liver expands the donor pool of or-
gans and may eliminate the need for living-related donation
for children. Recent experience with the ex vivo technique, if
applied to elective patients, results in patient and graft survival
rates comparable to whole-organ transplantation, although
postoperative complication rates are higher. In situ splitting
provides two grafts of optimal quality that can be applied to
the entire spectrum of transplant recipients: it is the method
of choice for expanding the cadaver liver donor pool.

Because donor liver shortage has been the rate-limiting
step in the expansion of hepatic transplantation, several
innovative techniques have been developed to enlarge a
relatively constant pool of organs. These recently advanced
procedures have focused on using a part of the liver allo-
graft for transplantation. Nowhere has this effort been felt
more strongly than in pediatric liver transplantation. Al-
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though liver replacement in children accounts for only 10%
to 15% of all liver transplants performed, the number of
whole-organ cadaveric grafts size-matched for this popula-
tion is inadequate. Because of this quantitative disparity
between donors and recipients, the pretransplant mortality
rate has historically been reported to be as high as 25% to
50% in children.'
To maximize donor organ use in children and small

adults, three procedures have evolved from the fundamental
principle that a component of the liver with a suitable
vascular pedicle, bile duct, and venous drainage, along with
sufficient functional hepatocyte mass, can sustain hepatic
function in a patient as well as a whole organ. Reduced liver
transplantation (RLT) was the wellspring for this effort, first
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Figure 1. Segmental anatomy of liver. Segment 1: caudate liver. Seg-
ments 2 through 4: left lobe. Segments 5 through 8: right lobe. Split liver
grafts usually comprise segments 2 and 3 and segments 4 through 8.

reported by Bismuth and Houssin in 1984.2 Because of its
segmental anatomy, the liver can be separated into several
independent anatomic units, each of which can be trans-
planted (Fig. 1). In RLT, the liver graft can be tailored on

the bench to a variety of functional lobes or segments. The
most commonly employed parts of a graft used in children
are segments 2 and 3 (left lateral segment) and segments 2,
3, and 4 (left lobe). Because of size discrepancy, the ex-

tended right lobe, segments 4 to 8, is rarely used in pediatric
patients. In RLT, when either a segment 2 and 3 graft or a

segment 2 to 4 graft is used, the remaining right lobe is
discarded. Results with RLT in children have been compa-
rable to those reported when whole-organ cadaveric grafts
are used.3-5 Further, advocates of the procedure cite the
lower incidence of hepatic arterial complications due to the
larger caliber of the adult hepatic artery.67 However, al-
though RLT increases the number of pediatric donor organs,
this technique does not increase the total number of organs

available for transplantation; indeed, it actually disadvan-
tages the adult recipient pool, which has grown 12.1-fold
during the past 8 years.8

Living-related donor (LRD) liver transplantation (LRD)
is a natural extension of RLT. Use of a portion of the liver
from a living donor was attempted by Raia et al in 19889
and first successfully carried out by Strong et al in 1989.10
During the past 10 years, approximately 1000 LRD trans-
plants have been performed throughout the world, achieving
graft and patient survival rates equivalent or better than
those observed with cadaveric whole organs or RLT. The
advantages of LRD include selection of an ideal donor in
whom liver graft function is immediate, and the ability to
schedule the case electively, allowing maximal preparation
of the recipient. However, the potential advantages of in-
creased histocompatibility between donor and recipient, fa-

voring a lower incidence of rejection, have not been real-
ized. LRD transplantation has also been recently applied to
adults in selected cases.'112 Despite the success observed in
pediatric LRD, there are still unresolved issues concerning
the risks posed to donors, who are usually parents. To date
there have been at least two known donor deaths after
LRD.13

Split liver transplantation (SLT) is the culmination of the
stepwise progression from RLT and LRD. With this technique,
a whole adult cadaveric liver is divided into two functioning
allografts. This procedure not only overcomes the drawbacks
of RLT and LRD but also increases the total number of donor
organs. In fact, full development of SLT may render RLT and
LRD obsolete, except in unusual or emergent circumstances.
Further, SLT may be able to provide enough liver grafts for the
entire pediatric recipient pool. This review will focus on the
current status of SLT and the role of this procedure in expand-
ing the liver donor pool.

SPLIT LIVER TRANSPLANTATION
Pichlmayr et al14 in 1988 reported the first clinical at-

tempt at SLT, placing a right graft into a 63-year-old woman
with primary biliary cirrhosis and the left graft into a small
child with biliary atresia. One year later, Bismuth et al15
described two patients with fulminant hepatic failure, each
receiving a split graft. Although both patients recovered
from coma with improvement of liver function, death oc-
curred from multiple organ failure on postoperative day 20
in one, and from diffuse cytomegalovirus disease on post-
operative day 45 in the other. The authors claimed that
neither poor graft function nor technical problems contrib-
uted to the patients' death. Broelsch et a116 reported the first
series of 30 SLT procedures in 21 children and 5 adults. In
this early experience, patient survival was inferior to re-
ported series17 of whole-organ cadaveric liver transplants:
only 67% of the children and 20% of the adults who
received split grafts survived. Technical problems were
common, with a retransplant rate of 35% and a biliary
complication rate of 27%.

Despite some skepticism about the lasting role of SLT in
decreasing the donor shortage, and because of the less-than-
satisfactory results obtained in early cases, several European
centers, faced with increasing numbers of deaths of waiting-
list patients because of donor scarcity, cautiously pursued
the SLT option.
A collective experience of 50 donor livers, providing 100

grafts during a 5-year period, was reported from the Euro-
pean Split Liver Registry by de Ville.18 In this series, graft
and patient 6-month survival rates were stratified according
to elective or urgent status of the patient. In the former
situation, survival rates for graft and patient were 80% and
88.9% for children and 72.2% and 80% for adults, respec-
tively. In the urgent setting, graft and patient survival rates
were 61.3% and 61.3% for children and 55.6% and 67.7%
for adults. Twenty split grafts were lost because of compli-
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Table 1. REVIEW OF EK VIVO SPLIT LIVER SERIES

Patient Graft
Graft Survival Survival BC

Author Year %HR (%) (%) (%)

Emond 1990 18 28 67 50 27
Broelsch 1990 30 40 60 43 27
Shaw 1990 10 70 50 50 40
Otte 1990 4 50 50 0
Houssin 1993 16 56 75 69 25
Sloof 1995 15 73 67
Otte 1995 29 27 71 67 17
de Ville 1995 98 33 68 62 23
Bismuth 1995 30 7 93 90 23
Bismuth 1996 27 4 79 78 22
Broelsch 1996 19 58 63 58 16
Kalayoglu 1996 12 8 91 75 25
Rela 1998 41 12 90 88 14.6

HR. high-rsk patient; BC, biliary tract complication.

cations related to the graft itself; technical complications
included hepatic artery thrombosis (11.5%), portal vein
thrombosis (4%), and biliary complications (18.7%). These
results were compared with the European Liver Transplant
Registry of conventional orthotopic liver transplantation
performed during the same time period and did not show a
significant difference. In fact, although adult patients receiv-
ing a split graft electively had twice the retransplant rate as
those with a whole graft, patient survival was higher in the
former group (88.9% vs. 80.3%). Children who received a
split graft electively actually had lower graft loss and re-
transplantation rates.
The results described from the European Split Liver

Registry stimulated renewed interest in SLT, as evidenced
by more recent series reported by Azoulay,19 Otte,20 Ka-
layoglu,21 and Rela22 and their colleagues. In all of these
later series, selection of high-risk patients appeared to be the
dominant factor influencing poor outcome. Further, this
effect was more pronounced in recipients of right grafts. As
shown in Table 1, the median percentage of high-risk pa-
tients receiving transplants in the series that reported clini-
cal condition was only 28%, and several transplant centers
have made specific efforts to avoid transplanting high-risk
patients with split liver grafts. This has been emphasized for
adult patients by the King's College Group,'8 who state,
"Our policy is not to split a liver for an ICU-based adult
patient, but to give a full-size graft." Based on the 349 cases
reported and shown in Table 1, it appears that although
patient selection undoubtedly plays an important role in
graft and patient outcome, other factors directly or indirectly
related to the splitting must also be considered to account
for some of the unique complications associated with split
grafts when they are used in more urgent patients, particu-
larly adult recipients. Further, if SLT is to be offered to the
entire spectrum of patients in need of liver replacement,
further improvement in the technique is required.

The remainder of this review will address the two basic
types of SLT that been performed clinically, ex vivo and in
situ, and will compare and contrast the results.

EX VIVO TECHNIQUE
In the ex vivo split liver technique, the whole organ is

retrieved and preserved with University of Wisconsin (UW)
solution according to standard techniques of multiple organ
procurement. Grafts are prepared at the recipient transplant
center in an ice bath ofUW solution. Predissection cholan-
giography and arteriography, to delineate the anatomy more
precisely, are performed in some centers 19.23; others have
not found this step necessary.21'22 In the latter, a metal
cannula is used to probe the hepatic artery and bile duct
gently to facilitate detection of aberrant anatomy. Dissec-
tion of the portal triad is performed to separate the branches
of the hepatic artery, portal vein, and right and left hepatic
ducts. Opinions vary as to which liver half should retain the
entire hepatic/celiac trunk and main portal vein. In all cases,
the common bile duct is retained with the right graft (Figs.
2 and 3).
The rationale for determining which graft should receive

the major vascular pedicle is explained by the anatomy of
the components of the porta hepatis.24 In most cases, the left
portal vein and right hepatic artery should be sectioned
because they are longer, thus facilitating the anastomoses to
the recipient vessels. Absence of a portal vein bifurcation is
a contraindication to liver splitting. Because microsurgical
hepatic artery reconstruction is now commonly performed,
sectioning the left hepatic artery to remain with the left graft
is preferred, as is done in in situ splitting. The left hepatic
duct is preferably sectioned because it is absent in only 2%
to 9% of patients. When the left hepatic duct is absent, it
immediately branches to drain segment 4 and segments 2
and 3, allowing a favorable plane of transection between
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Figure 2. Schematic representa-
tion of preparation of each split
graft. Top view shows the celiac
trunk, main portal vein, and com-
mon bile duct with a right graft. The
left graft has the sectioned left he-
patic artery, left portal vein, and left
bile duct. Bottom view shows a
right graft with the sectioned right
hepatic artery, right portal vein, and
common bile duct. Extension grafts
are sewn to the right portal vein and
right hepatic artery on the back ta-
ble. The left graft has main vessel
trunks and left hepatic duct.

segment 4 and segments 2 and 3. A single right hepatic duct
is less common and divides into two ducts in 30% to 50%
of cases, thus making division of the right duct more prob-
lematic.

Interposition grafts consisting of allogeneic iliac artery,
splenic or superior mesenteric artery, and the iliac vein have
been used as extensions to both right and left sides. The line
of parenchymal transection extends from the confluence of
the middle and left hepatic veins to approximately 0.5 to 1

cm to the right of the umbilical fissure up to the hilar plate.
Dissection is usually done with mosquito fracture technique
or scalpel transection with ligation of the intrahepatic portal
triad structures. The hepatic veins are dissected, retaining
the left hepatic vein with the left graft and the right and
middle hepatic veins in continuity with the vena cava with
the right graft. The cut surfaces of the grafts are often sealed

with fibrin glue, reinforced with collagen or polyglactin 910
mesh, to reduce bleeding.19

Implantation of the right split into an adult is accom-

plished in the standard orthotopic manner with or without
venovenous bypass. Despite oversewing of the left hepatic
vein orifice, the suprahepatic vena caval cuff is not com-

promised in width and fits easily to the recipient cuff. As
discussed above, if the right hepatic artery and right portal
vein are sectioned with the right lobe, interposition vascular
grafts must be used for anastomosis to a suitable source of
inflow. Biliary reconstruction is usually choledocholedocos-
tomy with a T tube. Decompression with a T tube prevents
bile leakage from the cut surface of the liver.25
The left graft is transplanted into a child or small adult

using a piggyback technique with retention of the recipient
vena cava. The left hepatic vein is anastomosed to the
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Figure 3. Schematic representation of in situ liver splitting. The liver is
split between segment 4 and segments 2 and 3 after isolation of the left
hepatic artery, left portal vein, and left hepatic vein in the heart-beating
cadaver. The left hepatic duct is divided in a sharp fashion before the
liver is flushed with University of Wisconsin solution. BD, biliary duct;
HA, hepatic artery; IVC, inferior vena cava; PV, portal vein.

suprahepatic vena cava of the patient. However, because of
size discrepancy, various venoplasty maneuvers often must
be performed to provide a short and patulous anastomosis
that is not susceptible to kinking. These techniques have
been described by Emond et al.26 Portal vein reconstruction
must be individualized to the recipient's anatomy. Often the
portal vein of children with biliary atresia is phlebosclerotic
and of diminutive diameter. In these cases, a direct end-to-
end anastomosis is contraindicated, and anastomosis to the
confluence of the splenic and superior mesenteric veins is
required. In some cases, a vein graft is needed to provide a

tension-free anastomosis, but routine use of vein grafts
should be proscribed. A review of the techniques of portal
vein reconstruction that apply to both LRD and SLT in
children has been reported by Saad et al.27 Hepatic artery
reconstruction in ex vivo split grafts has varied, depending
on whether the common hepatic/celiac trunk is retained with
the graft. In this setting, anastomosis is either to the hepatic
artery of the recipient or to the aorta with infrarenal iliac
conduit. If the left hepatic artery is retained with the left
graft, then a microsurgical reconstruction to the proper

hepatic artery of the recipient is preferred, as described by
Inomoto et al.28 The left graft biliary tract reconstruction is
uniformly via a Roux-en-Y left hepaticojejunostomy, with
the caveat that in up to 25% of cases there are two or more

separate ducts to segments 2 and 3.
Although the ex vivo split, as described above, is the most

widely used method to transplant two patients with one

liver, there are drawbacks to this approach. Ex vivo splitting
of the liver allograft on the bench is a lengthy procedure and
thus results in a long ischemic interval. This takes on more

significance if a second recipient operating room is not

available, or if a split graft is transported to another center.
Extended cold ischemic times and the required dissection
and manipulation of the graft compound the deleterious
effects of ischemia alone. Prolonged cold storage has also
been associated with increased cytokine release and MHC
class II antigen expression,2930 leading to an increased
inflammatory response on reperfusion. During the separa-
tion process into right and left grafts, some allograft re-
warming occurs; even if slight, it has been found to be
associated with increased susceptibility to hepatic ischemic/
reperfusion injury.3' The collective impact of prolonged
ischemia and rewarming during the ex vivo split results in
graft injury, which predisposes to a high incidence of poor
function unless the organ is placed in a very favorable
environment. In the nonurgent patient, unfavorable opera-
tive and recipient factors can be minimized, thus decreasing
the incidence of poor graft function, as shown by Rela et
al.22 Thus, the ex vivo technique may be relegated to the
elective case, particularly in adult recipients.

IN SITU TECHNIQUE
A modification of the ex vivo splitting technique is in situ

splitting, an extension of the techniques established for
LRD procurement that is practiced in the heart-beating
cadaver donor. At UCLA, we first attempted in situ SLT in
1992. Our initial experience was not favorable, with only
one of four grafts surviving. Causes of failure were primary
nonfunction (1), multiple organ system failure (1), and graft
torsion (1). However, after establishing an LRD program
and accruing an experience of 30 cases, we resumed the in
situ split liver program in 1996. In that same year, Rogers et
a432 reported an experience with 14 split grafts that resulted
in 6-month patient and graft survival rates of 92.8% and
85.7%, respectively. Further, these authors described a
lower rate of biliary complications, intraabdominal hemor-
rhage, and nonfunction of the right graft compared with
other series using the ex vivo split techniques (see Table 1).
As with the ex vivo technique, only hemodynamically

stable cadaveric multiorgan donors are considered for in situ
splitting. Standard surgical facilities for a multiorgan pro-
curement are used, and no special equipment is needed.
Donor hospitals and other procurement teams are notified as
soon as possible of the decision to split the liver in situ, and
the decision to proceed is based on unanimous agreement by
the organ teams. The procedure adds 1 to 1.5 hours to a
standard multiorgan procedure.
The initial step in the procedure is to obtain control of the

supraceliac and infrarenal aorta and inferior mesenteric vein
to permit rapid multiorgan cooling in the event of donor
instability. If on inspection the vascular anatomy and ap-
pearance of the liver are suitable, segments 2 and 3 of the
liver are mobilized as in an living donor procurement.33 The
left hepatic artery is mobilized throughout its length. The
left portal vein is dissected with ligation of branches to the
caudate lobe (segment 1) and to segment 4. Extrahepatic

Vol. 229 * No. 3



318 Busuttil and Goss

Figure 4. Schematic representation of the implan-
tation of the left lateral segment liver allograft. The
patient's vena cava is left intact. The donor left hepatic
vein is sutured to the confluence of the recipient mid-
dle and left hepatic veins after the right hepatic vein is
oversewn. The donor left portal vein is sutured to the
recipient portal vein, and the donor left hepatic artery
is anastomosed to the recipient common hepatic ar-
tery in a microvascular manner without extension
grafts. The biliary tract is reconstructed using a Roux-
en-Y hepaticojejunostomy. The donor and recipient
falciform ligaments are reapproximated to prevent
torsion of the liver allograft. A, aorta; CA, celiac axis,
IVC, inferior vena cava; PHA, proper hepatic artery;
PV, portal vein; SA, splenic artery.

isolation of the left hepatic vein is accomplished with care

to ensure that the middle hepatic venous drainage of seg-
ments 4, 5, and 8 is not obstructed. Transection of the
parenchyma is performed in a line 0.5 to 1 cm to the right
of the umbilical fissure, as described for ex vivo splitting,
and accomplished using electrocautery. The left hilar plate
and bile ducts are divided sharply with scissors so as not to
devascularize the duct. The middle hepatic vein is retained
with the right graft. On completion of the dissection, two
liver grafts are procured, each with a preserved vascular
pedicle and venous drainage in a bloodless field (Fig. 3).
The procurement proceeds in a standard fashion with

perfusion of the abdominal organs with UW solution. After
perfusion, the vascular attachments between each graft are

divided, leaving the hepatic/celiac arterial trunk, main portal
vein, and common bile duct with the right graft. The right
graft is prepared on the bench in the standard manner, and
the stumps of the left hepatic artery, portal vein, and bile
duct are oversewn individually. The left graft usually needs
no additional tailoring before implantation.

Concern for the viability of segments 1 and 4 after liver
splitting has been voiced by several groups.19'22'31 Opinions
regarding the need to resect segments 1 and 4 from the right
graft because of devascularization have ranged from al-
ways22 to never.25 It is clear that when dissecting the left
hepatic artery, branches to segment 4 are encountered and
often ligated. These vessels appear to be more easily iden-
tified and preserved during the in situ method. Further,
because the in situ procedure is performed in the heart-
beating cadaveric donor, the perfusion of segment 4 can be
readily assessed. However, in both ex vivo and in situ
splitting, segment 4 hypoperfusion is a potential pitfall and
may require treatment with segmentectomy. If there is any

question about the viability of segment 1, it should be
removed at the completion of graft placement.

Implantation of the right graft procured by the in situ
technique is accomplished identically to a standard ortho-
topic transplant in which the main hepatic artery, portal
vein, and bile ducts are retained by the right graft. The left
liver allograft is transplanted in a fashion similar to that
used in LRD,33 including microvascular reconstruction of
the hepatic artery (Fig. 4).

SIZE MATCHING IN SPLIT LIVER
TRANSPLANTATION

In SLT, graft size must be considered both in terms of fit
into the recipient and providing sufficient functional hepatic
mass. As has been learned from the RLT experience, donor/
recipient weight ratio is useful as a guide in determining
which portion of the liver is suitable for a child. In general,
if the ratio exceeds 5 to 10:1, the upper limit of graft volume
that can be accommodated by a small child is a segment 2
and 3 graft. Lesser ratios permit the use of a left or right lobe
graft.34 From a practical point of view, in most children a

left lateral segment is a good size fit. However, in 10% to
20% of cases, the segment 2 and 3 graft is oversized after
reperfusion, thus precluding abdominal closure without a

prosthesis or with skin alone.35 Despite the guidelines of-
fered by the donor/recipient weight ratio, there is no sub-
stitution for an experienced surgeon's visual assessment of
the recipient and the graft to be implanted.

Several guidelines19'35 have been proposed for the liver size
required to sustain hepatic function in a given patient. Volu-
metric computed tomographic scanning of the lobe of the liver

to be transplanted can provide an accurate assessment of the

I
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Table 2. UCLA PATIENT AND GRAFT
SURVIVAL, IN SITU SPLIT

Number Percent

Total patient survival 59/65 90.7
Right recipient survival 29/34 85.2
Left recipient survival 30/31 96.7
Total graft survival 58/72 80.5
Right graft survival 31/36 86.0
Left graft survival 27/36 75.0

liver volume. A ratio of graft volume to standard liver volume
of >30% is essential for adequate hepatic function.36 Although
formulaic calculation of sufficient graft volume may be possi-
ble for LRD transplantation, it is impractical when splitting a

cadaveric donor, when time and resources may not be avail-
able. In this latter setting, a graft with a volume approximately
1% to 1.5% of the body weight of the recipient is large enough
to provide excellent hepatic reserve. Segments 2 and 3 of an

adult will support a child weighing 6 to 20 kg. For an adult
recipient, a left lobe graft from a donor of the same weight will
provide approximately 30% to 35% of standard liver volume,
which can sustain good liver function. Again, surgical experi-
ence is invaluable for making these crucial assessments at the
time of liver harvest.

RESULTS OF IN SITU SPLITS
There have been only a few published reports of in situ

SLT25'32'37 because the procedure has been performed only
during the past 3 years. Results from these series have
shown improvement over the ex vivo experience, with in-
creased patient and graft survival rates and a lower inci-
dence of technical complications associated with the hepatic
artery, biliary anastomosis, and postoperative hemor-
rhage.25 The patients transplanted with an ex vivo split, as

reported by the King's College Group,22 have been the only
series that matched the in situ split results; however, of these
41 patients transplanted with ex vivo splits, all cases were

elective except for 4 children and 1 adult (12%) who were

classified as emergent. This contrasts with the in situ expe-

rience, in which there were substantially more emergent
cases. In the UCLA series,25 38.5% of patients were United
Network for Organ Sharing (UNOS) status I (intensive care

unit) and 19.2% UNOS status 2 (hospitalized), whereas in
the Hamburg series,32 21.4% were UNOS status 1 and
14.2% UNOS status 2.
An expanded series of in situ split liver grafts performed

since July 1, 1996, at UCLA has confirmed these improved
results, even in the face of a more urgent group of patients.
As of March 1, 1998, we have transplanted 65 patients with
a total of 72 in situ split grafts. Of these, 27 (41.5%) were

UNOS status 1, 16 (24.6%) UNOS status 2, and 22 (33.8%)
elective or UNOS status 3. Patient and graft survival rates
are shown in Table 2; patient and graft survival rates for

Table 3. PATIENT SURVIVAL BY UNOS
STATUS, UCLA IN SITU SPLIT

Status Number Percent

1 23/27 85.2
2 14/18 87.5
3 22/22 100

children are 96.7% and 75%, respectively. Survival strati-
fied to UNOS status is shown in Table 3. Complications are

shown in Table 4.
The patient survival rate (90.7%) obtained with in situ

splitting is comparable to the best results (90%) reported for
ex vivo splitting. However, in the former urgent cases rep-

resented 41.5% versus 12% in the latter. Further, the inci-
dence of biliary complications, which seem to be inherent in
the ex vivo split technique, occurring in 14.6%22 to 40%,38
is dramatically reduced to <3% with the in situ split oper-

ation. Similarly, reoperation as a result of bleeding occurs in
up to 20% of patients with ex vivo splitting and in <3% for
in situ splits. To date we have encountered no necrosis of
segment 4, a frequent complication of ex vivo splitting.

Despite these excellent results, we are disturbed by an

8.3% incidence of primary graft nonfunction, which oc-

curred equally between left and right grafts in six patients.
Four of the cases of primary nonfunction occurred early in
our experience in patients who received grafts from two
donor livers that, in retrospect, were not ideal livers for
splitting. Further, half of these occurred in UNOS status 1

patients, whose unfavorable recipient factors affected graft
function, as is seen in whole-organ cadaveric grafts.

Although there are advantages to in situ splitting of the
liver, as demonstrated above, the technique places an addi-
tional burden on the donor hospital and other procurement
teams by increasing the operation time by up to 2 hours. If
most procurements are regional, a preemptive educational
program that presents the benefits of in situ splitting will
defuse the objections to the procedure and allow its broader
application. This has been realized in our own region, where
a proposal has been made to our two organ-procurement
agencies to consider all hemodynamically stable multiorgan

Table 4. COMPLICATIONS OF 72 IN SITU
SPLIT TRANSPLANTS

Complication Number Percent

Hepatic artery thrombosis 2/72 2.8
Portal vein thrombosis 1/72 1.4
Biliary leak or stenosis 2/72 2.8
Reoperation for bleeding 2/72 2.8
Primary nonfunction* 6/72 8.3

* 50% UNOS status 1; 4 of 6 grafts harvested from same 2 donors
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Table 5. CRITERIA FOR IN SITU
SPLIT DONORS

* Hemodynamically stable, heart-beating, cadaveric multiorgan
donor

* Age 10-35?
* Minimal to moderate vasopressors (i.e., dopamine < 15 mcg/kg/

min)
* Hospitalization <5 days
* Liver function test (excluding prothrombin time) abnormality no

greater than 3x normal
* Serum Na < 160 mg/dl

donor candidates between ages 10 and 30 for in situ split-
ting. Full realization of this policy in the greater Los An-
geles area should provide an additional 65 grafts per year.

SPLIT LIVER POLICY: IMPACT ON
WAITING TIME
A consensus-based policy to split all suitable donor livers

would have a substantial impact on the recipient waiting
time. In the Paul Brousse experience,'9 the number of
transplantable grafts was increased by 28%. Improved use
and transplant efficiency has also been reported by the
Hamburg group32 and UCLA.25 If these improvements in
donor resource use can be extended to the national liver
donor pool, the effects would be dramatic. The number of
livers suitable for splitting ranges from 15% to 25% of the
available donors. In 1996, 4058 livers were transplanted in
the United States.8 Assuming that 20% were split, an addi-
tional 811 grafts would be available for transplantation.
Maximal use of this modality would provide enough grafts
to supply the entire pediatric waiting list in the United
States. This effect on pediatric transplantation has been
demonstrated at UCLA. Since implementation of a policy to
split every suitable liver, we have decreased the waiting list
for children younger than 1 year from 128 days to 24 days;
for children older than 1 year, the waiting time has de-
creased from 192 days to 30 days. Further, use of split livers
will benefit the small blood group 0 recipient, the perennial
laggard on the transplant waiting list.

APPLICATION OF SPLIT LIVER
TRANSPLANTATION

Based on the data analyzed in this review, we propose
that all hemodynamically stable multiorgan donors who
fulfill the criteria in Table 5 should be considered as can-
didates for split liver donation. We believe that the in situ
technique is superior because it consistently provides two
allografts of optimal quality for both adult and pediatric
recipients. Further, the grafts obtained with the in situ
method have proven successful even in urgent patients, and
have demonstrated a lower incidence of complications (e.g.,
biliary and take-back for bleeding). In addition, grafts pro-
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cured using the in situ technique are likely to be more
suitable for sharing among adults because of reduced isch-
emic injury. However, there are some logistical drawbacks
with the in situ split, particularly in relation to donor hos-
pital inconvenience and reticence of other organ-procure-
ment teams to acquiesce to the additional time taken for the
procedure. In these circumstances, standard organ procure-
ment followed by ex vivo splitting should be performed by
a team with experience and expertise in major liver resec-
tions, RLT, and LRD. Transplantation with two grafts ob-
tained after ex vivo splitting will provide excellent results in
the elective patient, as previously shown.'9'21'22

Split liver transplantation is now recognized as a practical
and meaningful procedure that can truly expand the donor
pool. Based on the cumulative experience with this tech-
nique, it should now become a routine part of the experi-
enced liver transplant center's armamentarium.
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